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ABSTRACT

A process for solidifying and stabilizing waste, the process

comprising (a) combining bagasse and a liquid medium

month).

having a pH below about 4 or above about 10 to form a

Janusa et al., Presentation Abstract #302, “Designing a
Better Matrix for Solidi?cation/Stabilization of Hazardous
Waste With the Aid of Bagasse (Lignin) as a Polymer

into solid matter and ?ltrate and washing the solid matter

Additive to Cement”, CHED Newsletter published by the
Division of Chemical Education, Inc., American Chemical

Society, 1996, 2 pages, (no month).

mixture, (b) heating the mixture, (c) separating the mixture
with a liquid in which sugar is soluble, (d) substituting the
solid matter for the bagasse in (a) and repeating steps (a)
through (c) until the ?ltrate is substantially colorless under

ambient light conditions, thereby producing washed solid

Jones et al., paper entilted “Factors Affecting Stabilization/
Solid?cation of Hazardous Waste”, believed to have been
presented at a conference in Sep., 1985, in Pittsburg, PA, pp.

so as to form a cement slurry, and

320—327.

slurry. Cementitious products formed by processes of this

Flynn, Jr. et al., “Adsorption of Heavy Metal Ions by
Xanthated Sawdust”, Bureau of Mines Report of Investiga

tions 8427, 1980, 15 pages, (no month).

matter, (e) combining at least a portion of the washed solid
matter with at least (1) the waste, (2) water, and (3) a cement,
curing the cement

invention.

25 Claims, N0 Drawings
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2
(a) drying at least a portion of the Washed solid matter,
and
(b) pulveriZing at least a portion of the Washed solid

PROCESSES FOR IMMOBILIZING WASTE
USING BAGASSE
TECHNICAL FIELD

matter so that the Washed solid matter has an average

particle siZe in the range of about 100 to about 500
microns, more preferably in the range of about 150 to
350 microns.
The step of combining the Washed solid matter With at
least the Waste, Water and cement to form the cement slurry

This invention relates to processes for immobilizing Waste
in solid or semi-solid matrices.

BACKGROUND
10

The processing of sugar cane milling or diffusing to make

mixing at least a portion of the Washed solid matter With the
Waste and Water to form a Waste slurry, (b) maintaining at
least a portion of the Waste slurry in a substantially quiescent
state for a period of at least 30 minutes, and more preferably

re?ned sugar and other products every year generates large
amounts of a biomass byproduct commonly knoWn as

bagasse. Many have sought methods of disposing of or
utiliZing bagasse, in vieW of the millions of tons produced
each year and the problems associated With disposal of large
amounts of this particular organic byproduct. At the same
time, the handling and disposal of many toxic or otherWise
haZardous forms of Waste produced by modem society have

15

for a period of at least 60 minutes, and (c) combining at least
a portion of the Waste slurry With the cement to form the

cement slurry. Without being bound to theory, it is believed
that either this procedure or the pulveriZation procedure
described above, or both, enable particularly satisfactory
binding betWeen the Waste molecules and the other slurry

proven dif?cult and haZardous to those Who handle or are in

close proximity to such toxic Waste. Various processes have
been proposed to address the problem of haZardous Waste
disposal, including the use of various solidi?cation and
stabiliZation processes. Some of the proposed solidi?cation
and stabiliZation processes incorporate the use of cement for
economic reasons. HoWever, the amount of leaching preva
lent in systems Which rely heavily on cement alone has
proven unsatisfactory. In addition, so far as is knoWn, no

in processes of this invention is preferably carried out by (a)

components to produce a particularly Waste-stable cemen

25

titious solid product.
In another preferred embodiment of this invention, the
process comprises:
(a) combining bagasse and a liquid medium having a pH
beloW about 3 or above about 12 to form a mixture,

(b) heating the mixture and maintaining the mixture at
least at one temperature in the range of about 90 to

previously developed process has successfully combined the

about 110° C. for a period of at least about 30 minutes,

features of a process Which efficiently solidi?es and stabi
liZes haZardous Waste With a process for the efficient utili

(c) separating the mixture into solid matter and ?ltrate and
Washing the solid matter With a liquid in Which sugar is

Zation of bagasse.

soluble,
(d) substituting the solid matter for the bagasse in (a) and

THE INVENTION

The present invention is deemed to provide at once both
a highly effective and ef?cient method for properly solidi
fying and stabiliZing haZardous Waste, and a productive use

repeating steps (a) through (c) until the ?ltrate is
substantially colorless under ambient light conditions,
thereby producing Washed solid matter,
(e) drying the Washed solid matter,

for the major sugar cane processing byproduct, bagasse. In

(f) pulveriZing at least a portion of the Washed solid matter

35

one aspect of this invention, a process for solidifying and

so that the Washed solid matter has an average particle

stabiliZing Waste is provided. The process comprises (a)

siZe in the range of about 100 to about 500 microns,
(g) mixing at least a portion of the Washed solid matter

combining bagasse and a liquid medium having a pH beloW

With the Waste and Water to form a Waste slurry,

about 4 or above about 10 to form a mixture, (b) heating the

mixture, (c) separating the mixture into solid matter and
?ltrate and Washing the solid matter With a liquid in Which

45

sugar is soluble, (d) substituting the solid matter for the

(h) maintaining at least a portion of the Waste slurry in a
substantially quiescent state for a period of at least 30

minutes,

bagasse in (a) and repeating steps (a) through (c) until the

(i) combining at least a portion of the Waste slurry With a

?ltrate is substantially colorless under ambient light
conditions, thereby producing Washed solid matter, (e) com

cement to form a cement slurry, and

curing the cement slurry at least at one temperature in
the range of about 20 to about 30° C.

bining at least a portion of the Washed solid matter With at
least (1) the Waste, (2) Water, and (3) a cement, so as to form

The invention also provides cementitious products
formed by the practice of processes of this invention. The

a cement slurry, and curing the cement slurry. Preferably,
this process further comprises the step of maintaining the

resulting solid cementitious products exhibit exceptional

mixture at least at one temperature in the range of about 80
stabiliZation of Waste, measured by loW levels of Waste
to about 120° C. for a period of at least about 30 minutes, 55 leaching, as compared to controls Which do not include

measured from the point in time at Which the mixture
reaches at least one temperature in the speci?ed range, prior
to separating the mixture into solid matter and ?ltrate. More
preferably, the temperature(s) is/are in the range of about 90
to about 110° C., and the period of time during Which the
mixture is maintained at a temperature in the speci?ed range
is at least about 60 minutes, measured from the point in time

material derived from bagasse. Such cementitious products
can be useful as, for example, as ?ll material in a variety of

products and settings in Which solid cement is commonly

employed.
These and other embodiments and features of this inven

tion Will be still further apparent from the ensuing descrip
tion and appended claims.

at Which the mixture reaches at least one temperature in the

speci?ed range. It also is preferred that, before combining
the Washed solid matter With at least the Waste, Water and the
cement to form the cement slurry, at least the folloWing
additional steps are carried out:

65

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS
The processes of this invention enable the effective use of

components of bagasse, including lignin, to stabiliZe and
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trap hazardous Waste Within solidi?ed cementitious
matrices, thus putting to great use What heretofore has been
an organic Waste byproduct. Typical Wastes for Which pro
cesses of this invention may be utilized include, for

combination steps, or concurrently. HoWever, preferably,
prior to combining at least a portion of the Washed solid
matter With at least the Waste, Water, and a cement, the

Washed solid matter is dried and pulveriZed. The step of
drying the Washed solid matter may be carried out by any
knoWn method, including for example by use of a vacuum,

example, Wastes comprised of heavy metal compounds
containing metals such as, e.g., arsenic, cadmium,
chromium, and/or lead. HoWever, the processes of this

application of heat, etc. PulveriZing the dried, Washed solid

invention are not necessarily limited to use With heavy metal

matter can be performed by any method in Which a force is
applied to the solid matter to break it into small particle siZes

Waste, but rather may be used for solidi?cation/stabiliZation
of any Waste, as long as the process reduces the amount of

Waste Which leaches from the solid cementitious product
resulting from the process, as compared to the same process
carried out Without the use of bagasse. For ease of descrip
tion only, the steps of the processes of this invention Will be

discussed hereafter in stages, the ?rst stage being bagasse
processing, and the second step being cement preparation
and curing.

10

15

Bagasse Processing
20

25

Which is beloW about 4 or above about 10, and more
preferably Which is beloW about 3 or above about 12.

combining the Washed solid matter With at least the Waste,
Water and cement to form the cement slurry be carried out
by (a) mixing at least a portion of the Washed solid matter
With the Waste and Water to form a Waste slurry, (b)
maintaining at least a portion of the Waste slurry in a
substantially quiescent state for a period of at least 30
minutes, and more preferably for a period of at least 60
minutes, and (c) combining at least a portion of the Waste
slurry With the cement to form the cement slurry. In this

process, the Waste slurry may be formed by mixing the

Typically, the liquid medium may be comprised of any acid
or base Which does not interfere With the hydration of

long as the Washed solid matter has an average particle siZe
in the range of about 100 to about 500 microns, and more
preferably in the range of about 150 to about 350 microns.
In this Way, the surface area of the solid material Which is
exposed to the cement and the Waste thereafter is maximiZed
in such a Way as to enable particularly effective binding of
the Waste in the solid matrix upon curing.

As noted earlier, it is particularly preferred that the step of

The amount of bagasse material to be used in the pro
cesses of this invention can vary, depending upon the

components present in the mixture and their relative
amounts. Typically, the amount used Will be in the range of
about 1% to about 20% by Weight to cement, and preferably
about 10% by Weight to cement.
In the step of combining bagasse and a liquid medium, the
bagasse and liquid medium may be combined one into the
other or concurrently. The liquid medium should have a pH

through the use of, e.g., grinders, screens, beaters, etc., so

Washed solid matter With the Waste and Water in any given
30

order, sub-combination sequence, or concurrently. Likewise,

cement in the mixture, and preferably is comprised of either

the Waste slurry and cement may be mixed one into the other

a metal hydroxide, most preferably sodium hydroxide, or a

or combined together concurrently.
Suitable cements for use in the practice of this invention
may include, for example, an Portland cement type, White
cement, Masonry cement, rubber-containing cement, etc. A
preferred cement is the commercially available Portland

hydrogen halide, most preferably hydrogen chloride.
The temperature at Which the heated mixture is main
tained may vary Widely, depending upon variables such as,
e.g., pressure, relative proportions of the mixture
components, time, etc., so long as the temperature is suf?
cient to permit sugars in the bagasse to be released into the
mixture. HoWever, as noted earlier, preferably the tempera
ture at Which the mixture is maintained Will be at least at one

35

cement, type I. The cure time for use in curing the cement
slurry in processes of this invention may vary and can

depend upon many variable, such as volume, surrounding
40

temperature in the range of about 80 to about 120° C., and
more preferably in the range of about 90 to about 110° C. As

noted earlier, the time period during Which the mixture is
maintained at least at one temperature in the speci?ed range
is preferably a period of at least about 30 minutes, and more

45

preferably about 60 minutes, measured from the point in
in the speci?ed range.

to improve the likelihood of particularly satisfactory stabi
50

liZation of the Waste in the matrix.

What folloWs are examples of particularly preferred pro

circumstances, but is preferably conducted by ?ltration. The
solid matter may thereafter be Washed With a liquid in Which

cesses of this invention and the solidifcation/stabiliZation
results obtained.

sugar is soluble. This liquid may be comprised of, for

example, any polar solvent, but is preferably comprised of
Water.

days. The curing temperature can vary depending upon other
ambient conditions, e.g., pressure and humidity, but prefer
ably is at least one temperature in the range of about 15 to
about 35° C., and more preferably in the range of about 20
to about 30° C. Using temperatures in these ranges appears

time at Which the mixture reaches at least one temperature

Separating the mixture into solid matter and ?ltrate can be
carried out through any suitable method under the

atmospheric conditions, and proportions of slurry compo
nents. Typical cure time may be, for example, about 1 or
more days, preferably at least about 7 days, more preferably
at least about 14 days, and most preferably at least about 28

55

EXAMPLE 1

The resulting solid matter is then mixed With liquid

Batch 1: Bagasse (60 grams) in 1000 ml of 0.1 M

medium having the same pH characteristics as described

hydrochloric acid Was heated to boiling and boiled for

above and the process of heating the mixture and separating

approximately 45 minutes, and the residual solid product

the ?ltrate and the solid matter from one another is repeated

Was separated from the ?ltrate and Washed free of sugars and

until the ?ltrate is substantially colorless (i.e., transparently
clear With little or no color) under ambient light conditions.
The resulting solid matter is thus Washed solid matter in that

sugars found in the bagasse have been substantially
extracted therefrom.

Cement Preparation and Curing
The Washed solid matter may be combined With the Waste,
Water and cement in any given order, series of sub

60

acids formed during hydrolysis With tap Water. The solid
product Was again boiled in 1000 ml of 0.1 M hydrochloric
acid and separated from the ?ltrate and Washed With tap

Water. These steps Were repeated tWo more times until the
?ltrate Was substantially colorless under ambient light con
65 ditions. The residual solid product Was oven dried at 110° C.

overnight and pulveriZed by being pressed against a Wire
screen to achieve an average particle siZe of 200 microns.

US 6,174,275 B1
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Aportion of the ground residual solid product (15 g) and
a lead nitrate solution comprised of 46 g lead nitrate
(sometimes abbreviated hereinafter as “Pb” or “lead”) dis
solved in 120 ml of deioniZed Water Were mixed together
using a normal household blender at loW speed for 1—2
minutes until all of the bagasse Was saturated. This mixture
Was left in a quiescent state for approximately 1 hour.
Ordinary Portland cement type I (294 g) Was added to the
mixture and the mixture Was mixed With a stirring rod until

TABLE 1
Lead Concentrations in TCLP Leachates
(Pb Leached in mg/l' mean 1 standard deviation n = 4)

Days of Cure

10

Batch

7

14

28

control

6.7 r 1.3

4.9 r 1.2

3.8 r 0.5

1

1.0 r 0.1

<0.5

<0.5

<0.5

<0.5

<0.5

all cement Was moist. An additional 42 g of Water Were

(acid; bagasse)

added to the mixture, giving a total a composition of 10%
lead/5% bagasse by Weight to cement and a Water/cement
ratio of 0.55, and the mixture Was blended on high speed for
5 minutes With periodic scraping of the side of the blender.

(base; bagasse)

2

15

Approximately 20 grams of the mixture Was scooped into a

EXAMPLE 2

20-ml borosilicate screW-cap vial. TWelve (12) such vials
Were prepared, 4 for each cure period (7, 14 and 28 days).
Care Was taken to insure that representative samples Were
taken from the top, middle and bottom of the blender for
each cure period. Once the samples Were made, the vials

20

relative to the amount by Weight of cement Was varied from

Were capped and stored in a standard laboratory oven at 24°

C. for their respective cure periods (7, 14 or 28 days).
25

Batch 2: The above procedure for Batch 2 Was repeated,
With the exception that 0.1 M sodium hydroxide Was sub
stituted for 0.1 M hydrochloric acid used in the ?rst batch.
A control batch Was also prepared according to the above
procedure, except that the prepared lead solution Was cured
With the cement Without addition of any prepared material

The procedure for Example 1, Batch 1, Was repeated for
different samples in Which the amount by Weight of bagasse
sample to sample, and for other samples in Which the
amount by Weight of lead relative to the amount by Weight
of cement Was varied from sample to sample. These samples
Were tested using the Toxicity Characteristic Leaching Pro
cedure of Example 1, and the results of these tests are set
forth in Tables 2 and 3 beloW.
TABLE 2

30

Lead Concentrations in TCLP Leachates
(Pb Leached in mg/l' mean 1 standard deviation n = 4)

derived from bagasse.
Each vial from the ?rst Batches 1 and 2 and the control

batch Was separately placed into a Wide-mouth plastic bottle,

35

and the vial Was broken by striking it With a steel rod. The

Whole sample plug Was removed from the glass. The entire
sample Was crushed With a steel rod, and particles betWeen
8.0 and 9.5 mm Were retained While all particles smaller than

% lead by Wt.

% bagasse by

to cement

Wt. to cement

10

0

10

1.2

Days of Cure
7

14

28

6.7 r 1.3

4.9 r 1.2

3.8 r 0.5

Not Recorded

3.4 r 1.1

<0.5

<0.5
<0.5

<0.5
<0.5

<N/R)
40

10
10

2.5
5

2.3 r 0.8
1.0 r 0.1

8.0 mm Were eliminated to ensure reproducibility. The mass

of the entire amount of each sample Was recorded (average

sample mass: 9.50 g of the original 20-g bulk batch) and

TABLE 3

placed into a 250 ml Nalgene Wide-mouth HDPE bottle.
45

Lead Concentrations in TCLP Leachates
(Pb Leached in mg 1' mean 1 standard deviation n = 4)

To each sample Was added Toxicity Characteristic Leach

ing Procedure (TCLP) leachant No. 2 (5.7 ml/l glacial acetic

% lead by Wt.

% bagasse by

Days of Cure

to cement

Wt. to cement

7

14

28

10
15

0
0

6.7 r 1.3
42 z 7

4.9 r 1.2
44 z 3

3.8 r 0.5
53 z 8

20
10
15
20

0
5
5
5

>40
1.0 r 0.1
N/R
>40

>40
<0.5
0.73 z 0.29
>40

>40
<0.5
<0.5
>40

acid aqueous solution at pH 2.88) at a volume of 20 times

the Weight of the sample. The extraction period for the
sample Was 18 hours under rotary agitation at 30 rpm. Then,
the sample Was ?ltered using Grade FG/F 0.7 pm glass-?ber
?lter paper. The sample Was ?ltered Within 2 hours of the 18
hour extraction period to ensure reproducibility. The ?ltrate
Was acidi?ed using concentrated nitric acid and analysis for
lead Was performed using a Perkin-Elmer Model 5000

50

55

atomic absorption spectrometer at 283.3 nm. It Was esti
mated that if all lead Was extracted from the solidi?ed

matrix, concentration of lead in the leachate Would be

approximately 3000 mg/l. This procedure differed from the
EPA TCLP experimental protocol, at 51 Federal Register
21672—21692 (No. 114, Jun. 13, 1986), in that one-tenth of

EXAMPLE 3
60

Example 1 (Batch 1) Was repeated, except that the Waste
Which Was solidi?ed Was 90 grams of sodium chromate

the amount of sample Was used (10 grams rather than 100

grams).

tetrahydrate (sometimes abbreviated hereinafter as “Cr” or
65

The results for Batches 1 and 2, and the control batch, are
summariZed in the folloWing Table 1.

“chromium”). The resulting samples Were tested using the
Toxicity Characteristic Leaching Procedure of Example 1,
and the results of these tests are set forth in Table 4 beloW.

US 6,174,275 B1
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TABLE 4

6. A process according to claim 4, Wherein the step of
combining the Washed solid matter With at least the Waste,
Water and the cement to form the cement slurry is carried out

Chromium Concentrations in TCLP Leachates
(Chromium Leached in m_g/l' mean 1 standard deviation n = 4)

5
% Cr by Wt. to

% bagasse by

Days of Cure

by a process Which comprises:
(a) mixing at least a portion of the Washed solid matter
With the Waste and Water to form a Waste slurry,

(b) maintaining at least a portion of the Waste slurry in a
cement
Wt. to cement
7
14
28
substantially quiescent state for a period of at least 30
10
0
1650 r 21
1590 r 62
1330 r 47
10
minutes, and
10
5
941 z 26
868 z 62
876 z 26
(c) combining at least a portion of the Waste slurry With
the cement to form the cement slurry.
7. A process according to claim 6, Wherein the Waste
As noW may be appreciated from the above examples,
slurry is maintained in a substantially quiescent state for a
cure times and the relative amounts of bagasse to cement,
period of at least 60 minutes.
and Waste to cement, employed in processes of this inven
8. A process according to claim 7 Wherein the cement
tion can affect the amount of leaching Which may occur from
slurry is cured at least at one temperature in the range of
the resulting solid cementitious product. However, in every
about 15 to about 35° C.
case, the presence of material processed from bagasse
9. A process according to claim 6 Wherein the cement
resulted in a signi?cant reduction in the amount of Waste
slurry is cured at least at one temperature in the range of
leached from the solid product.
about 15 to about 35° C.
This invention is susceptible to considerable variation in
10. A process according to claim 1 Wherein the cement
its practice. Therefore the foregoing description is not
slurry
is cured at least at one temperature in the range of
intended to limit, and should not be construed as limiting,
about 15 to about 35° C.
11. A process according to claim 9 Wherein the cement
slurry is cured at least at one temperature in the range of
about 20 to about 30° C.

the invention to the particular exempli?cations presented
above. Rather, What is intended to be covered is as set forth

in the ensuing claims and the equivalents thereof permitted
as a matter of laW.

12. A process according to claim 1 Wherein the liquid
medium comprises a hydrogen halide.
13. A process according to claim 1 Wherein the liquid
medium comprises a metal hydroxide.
14. A process according to claim 1 Wherein the liquid in
Which sugar is soluble comprises Water.
15. A cementitious product formed using the process of

That Which is claimed is:

1. A process for solidifying and stabilizing Waste, the

process comprising:
(a) combining bagasse and a liquid medium having a pH
beloW about 4 or above about 10 to form a mixture,

(b) heating the mixture,
(c) separating the mixture into solid matter and ?ltrate and
Washing the solid matter With a liquid in Which sugar is

claim 1.

16. A cementitious product formed using the process of

soluble,

claim 2.

(d) substituting the solid matter for the bagasse in (a) and

17. A cementitious product formed using the process of

repeating steps (a) through (c) until the ?ltrate is
substantially colorless under ambient light conditions,
thereby producing Washed solid matter,

claim 4.

18. A process for solidifying and stabilizing Waste, the

process comprising:
(a) combining bagasse and a liquid medium having a pH

(e) combining at least a portion of the Washed solid matter
With at least (1) the Waste, (2) Water, and (3) a cement,

beloW about 3 or above about 12 to form a mixture,

so as to form a cement slurry, and

(b) heating the mixture and maintaining the mixture at

(f) curing the cement slurry.

least at one temperature in the range of about 90 to

2. Aprocess according to claim 1, further comprising the

about 110° C. for a period of at least about 30 minutes,

step of maintaining the mixture at a temperature in the range
of about 80 to about 120° C. for a period of at least about 30
minutes prior to separating the mixture into solid matter and
?ltrate.

(c) separating the mixture into solid matter and ?ltrate and
Washing the solid matter With a liquid in Which sugar is

soluble,
50

3. Aprocess according to claim 2, Wherein the mixture is

repeating steps (a) through (c) until the ?ltrate is
substantially colorless under ambient light conditions,
thereby producing Washed solid matter,
(e) drying the Washed solid matter,

maintained at least at one temperature in the range of about
90 to about 110° C. for a period of at least about 60 minutes

prior to separating the mixture into solid matter and ?ltrate.
4. A process according to claim 1, Wherein before com
bining the Washed solid matter With at least the Waste, Water
and the cement to form the cement slurry, the process further

55

so that the Washed solid matter has an average particle

60

With the Waste and Water to form a Waste slurry,

(h) maintaining at least a portion of the Waste slurry in a
substantially quiescent state for a period of at least 30

matter so that the Washed solid matter has an average

particle siZe in the range of about 100 to about 500
microns.
5. A process according to claim 4, Wherein the Washed
solid matter has an average particle siZe in the range of about
150 to about 350 microns.

(f) pulveriZing at least a portion of the Washed solid matter
siZe in the range of about 100 to about 500 microns,
(g) mixing at least a portion of the Washed solid matter

comprises:
(a) drying at least a portion of the Washed solid matter,
and
(b) pulveriZing at least a portion of the Washed solid

(d) substituting the solid matter for the bagasse in (a) and

minutes,
(i) combining at least a portion of the Waste slurry With a
65

cement to form a cement slurry, and

curing the cement slurry at least at one temperature in
the range of about 20 to about 30° C.
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19. A process according to claim 17, wherein the liquid
23.
medium comprises a hydrogen halide.
claim
20. A process according to claim 19, Wherein the hydro24.
gen halide is hydrogen chloride.
claim
21. A process according to claim 17, Wherein the liquid 5
25.
medium comprises a metal hydroxide.
claim
22. A process according to claim 21, Wherein the metal
hydroxide is sodium hydroxide.

10
A cementitious product formed using the process of
18.
A cementitious product formed using the process of
19.
A cementitious product formed using the process of
21.
*

*

*

*

*

